As a result of our studies on the lichen family Megasporaceae, three species new to China, Aspicilia cupulifera (H.Magn.) Oxner, A. narssaquensis (Lynge) J.W.Thomson and Circinaria arida Owe-Larss., A.Nordin & Tibell are described and illustrated.
Introduction
The family Megasporaceae (Pertusariales, Lecanoromycetes, Ascomycota) originally contained only Megaspora (Clauzade & Cl.Roux) Hafellner & V.Wirth (Lumbsch et al. 1994) . However, the circumscription of the family changed significantly with the application of molecular analyses. Consequently, Schmitt et al. (2006) transferred Aspicilia A.Massal. and Lobothallia (Clauzade & Cl.Roux) Hafellner from the Hymeneliaceae, while Nordin et al. (2010) returned Circinaria Link. and Sagedia Ach. to the Megasporaceae following an investigation of phylogenetic relationships.
The cosmopolitan genus Aspicilia includes 200-250 species (Sohrabi et al. 2013) , 43 species having previously been reported from China (Wei 1991; Abbas and Wu 1998; Li et al. 2013 ). In addition, eight of the 28 species of Circinaria (Nordin et al. 2010; Sohrabi et al. 2012; Sohrabi et al. 2013) are known from China (Wei 1991; Abbas and Wu 1998; Ye et al. 2009 ). During our studies of aspicilioid lichens, three species new to China, Aspicilia cupulifera, A. narssaquensis and Circinaria arida, have been identified. All the specimens studied were collected from the western part of Qilian Mountains between Gansu and Qinghai Provinces of northwestern China, in mostly typical arid and semi-arid areas.
Materials and Methods
The specimens studied are preserved in SDNU (Shandong Normal University). Morphological and anatomical characters were examined using a dissecting microscope (Olympus SZ51) and a compact light microscope (Olympus CX21). The thalline cortex and medulla were tested with K (10% aqueous solution of potassium hydroxide), C (saturated solution of aqueous sodium hypochlorite), I (10% aqueous solution of aqueous potassium iodide) and P (saturated solution of p-phenylenediamine in 95% ethanol). Lichen substances were determined by standardized thin layer chromatography techniques (TLC) with solvent C (Orange et al. 2001) . Habit photographs were taken with an Olympus SZX16 stereomicroscope, and anatomy was studied with an Olympus BX61 compound microscope with DP72.
The species
Aspicilia cupulifera (H.Magn.) Oxner, Novosti Sistematiki Nizshikh Rastenii 9: 287 (1972) Fig. 1 Thallus crustose, grey or grey-brown to brown; areoles contiguous, flat to slightly convex, angular or irregular, sometimes rounded, 0.2-1.5 mm in diam., rimose; prothallus brown-black to black; cortex 30-37.5 μm thick., with crystals; photobiont chlorococcoid, cells ± round, 7.5-12.5 μm in diam.; apothecia aspicilioid, usually solitary, rarely numerous, occasionally 1 or 2 (or 3) per areole, 0.2-0.8 mm in diam.; disc black, epruinose; thalline margin prominent, black, distinct, usually forming a black rim; exciple K+ yellow; epihymenium olivebrown to brown, K+ brown, N+ green; hymenium hyaline, I+ blue, 125-150 μm tall; paraphyses submoniliform, richly branched and anastomosing; subhymenium and hypothecium colourless, I+ blue, together 50-75(-100) μm thick, algae not present below the hypothecium; asci clavate, Aspicilia-type, 8-spored; ascospores hyaline, simple, ellipsoid, (12.5-)15-20(-22.5) × (7.5-)10-12.5(-15) μm; pycnidia immersed, black; conidia filiform, straight or curved, 12.5-22.5 × 0.8-1 μm.
Chemistry: Cortex K+ yellow, C-, KC+ yellow, P-; medulla K+ yellow, C-, KC+ yellow, P+ orange, I-; containing stictic and substictic acids (TLC).
Substrate and distribution: occurring on siliceous rock. Aspicilia cupulifera was previously known only from Finland (Magnusson 1939) . Comments: Aspicilia cupulifera is characterized by its grey or grey-brown thallus and apothecia with a prominent thalline margin. Aspicilia subdepressa (Nyl.) Arnold (Li et al. 2013 ) is morphologically similar to A. cupulifera, but the latter has a K+ yellow exciple, richly branched paraphyses, and a thinner hymenium.
Aspicilia narssaquensis (Lynge) J.W. Thomson, Bryologist 90(2): 163 (1987) Fig. 2 Thallus crustose, yellowish cream, pale grey or bluish to bluish grey, radiate-lobate at the margin; areoles 0.3-0.8 mm in diam., angular to irregular, or sometimes rounded, contiguous, flat to slight convex; prothallus indistinct; cortex 25-37.5 μm thick, with crystals; photobiont chlorococcoid, cells ± round, 7.5-15 μm in diam.; apothecia aspicilioid, 0.4-1.0 mm in diam., usually solitary, or 2 or 3 per areole, rounded or angular; disc black, concave or plane, usually epruinose, rarely with a thin, white pruina; thalline margin indistinct, concolorous with the thallus; epihymenium olive-brown to brown, K+ brown, N+ green; hymenium hyaline, I+ blue, (100-)112.5-125(-150) μm tall; paraphyses moniliform, slightly branched and anastomosing; subhymenium and hypothecium colourless, I+ blue, together 37.5-62.5(-100) μm thick, algae present below the hypothecium; asci clavate, Aspicilia-type, 8-spored; ascospores hyaline, simple, ellipsoid to subglobose, (10-)12.5-20(-22.5) × 7.5-10(-12.5) μm; pycnidia immersed, black; conidia filiform, 15-20 × 0.8-1 μm.
Chemistry: Cortex K+ yellow, C-, KC+ yellow, P-; medulla K+ yellow, C-, KC+ yellow, P+ orange, I-; containing substictic acid (TLC).
Substrate and distribution:
Aspicilia narssaquensis grows on calciferous rock. It has previously been reported from Norway (Øvstedal et al. 2009 ) and Arctic Canada and Greenland (Thomson 1997) . Li 2013083, 2013084, 25 Jun. 2013 (SDNU) .
Comments: Aspicilia narssaquensis is characterized by a yellowish cream thallus, K+ yellow medulla and apothecia lack of prominent thalline margin. Aspicilia cupulifera is similar to A. narssaquensis in spore size, but the former is distinguished by its grey to brown thallus, apothecia with prominent thalline margin, and the presence of stictic acid in the thallus. Circinaria arida Owe-Larss., A. Nordin & Tibell, Bibliotheca Lichenologica 106: 240 (2011) Fig. 3 Thallus crustose, brown to olive-brown or grey-brown, areolate-verrucose, especially at the thallus margin; areoles contiguous and separated by narrow cracks, or sometimes ± dispersed, angular to sometimes rounded or irregular, flat to finally ± convex, 0.4-1 mm in diam.; prothallus rarely present, or indistinct, fimbriate or forming a narrow dark rim, brown or grey-brown to dark brown; cortex about 60-70 μm thick, with crystals, uppermost part dark brown, covered with an epinecral layer; photobiont chlorococcoid, cells ± round, 12.5-20 μm in diam.; apothecia aspicilioid, 0.2-1 mm in diam., 1-3(or 4) per areole, angular or elongated to irregular, sometimes round; disc black, concave, usually with a thin, white pruina; thalline margin flat to slightly elevated, prominent in older apothecia, usually with a white to grey rim, concolorous with thallus or lighter; epihymenium brown or olive-brown, K+ brown, N+ green; hymenium hyaline, I+ blue, 100-162.5 μm high; paraphyses separating in KOH, moniliform, slightly branched and anastomosing; subhymenium and hypothecium colourless, I+ blue, together 25-50 μm thick; algae not present below the hypothecium; asci clavate, Aspicilia-type, 2-4(-6)-sprored; ascospores hyaline, simple, subglobose to globose, (15-)17.5-25(-30) × (10-)12.5-20(-25) μm; pycnidia immersed, black; conidia filiform, straight, 5-12.5 × 0.8-1 μm. 
